Abstract: Due to the complex structure of insulators, it is difficult to use parameters such as icicle length or ice thickness of an insulator to directly characterize the degree of icing of an insulator. Rotating conductors are widely used in monitoring icing degree on insulators, but the relationship between ice degree on the insulator and the rotating conductor has not been verified. In this paper, the water droplets collision coefficient α 1 was put forward to characterize icing degree, and a new numerical calculation model where α 1 on different regions of an insulator is calculated was proposed. Combining the freezing fraction α 3 of the insulator and rotating conductor, the equivalent relationship of ice weight between insulator and rotating conductor can be established, which was afterwards verified through the icing tests. The test results indicate that ice weight on an insulator increases linearly with the increase of ice weight on the rotating conductor, and the model proposed in this paper can reflect actual results more accurately than previous models. In such cases, the method of using ice weight on a rotating conductor to predict that on an insulator based on the model proposed in this paper could be widely adopted.
Introduction
Since the 20th century, icing and pollution problems have been a threat to the safety and stability of transmission lines, especially icing problems [1, 2] . Icing can greatly reduce the mechanical and electrical properties of transmission lines, and thus threaten the power system operation [3] . When insulators are coated with ice, the electrical performance of insulators will drop sharply and it may cause icing flashover which would lead to power supply interruptions [4] [5] [6] [7] [8] .
Plenty of studies on insulator icing have been carried out by scholars, and they used different ways to characterize the degree of icing. In [9, 10] , icing weight was proposed to characterize the degree of icing. In [11, 12] , researchers proposed to gauge the ice thickness of a rotating cylinder in the same environment to represent the degree of icing. Currently, the method of using ice thickness on a standard rotating conductor to characterize the degree of icing of insulators is commonly accepted [13, 14] . However, the asymmetry of icing on the surface of an insulator leads to a large measurement error, hence, the existing methods still fail to reflect the actual degree of icing of insulators.
In fluid mechanics, ice accumulation on a structure is caused by the impingements of super-cooled water droplets. These liquid-water droplets freeze immediately upon impact due to rapid heat dissipation [15, 16] , so icing weight on the structure can be affected by the collision coefficient and the freezing fraction of water droplets. Further, Maeno et al. [17] concluded that freezing fraction can be calculated as a function of environmental temperature, air speed, cylinder diameter and water droplet diameter.
Since the freezing fraction can be calculated using the icing energy-transfer equation, changes of environmental conditions would be directly reflected by the numerical value of water collision coefficient (the ratio of the number of particles colliding on structure to the number of particles contained in the projected area of structure) [18] . Farzaneh et al. [19] used several cylinders of different diameters in place of insulators to simplify the complex calculation of the 3-D flow field outside the insulator. On this basis, Irving et al. [20] calculated the cylinder collision coefficient to analyze pollution model of insulator, and concluded that the total amount of pollution deposited on the entire surface of the insulator is equal to the total amount of pollution particles deposited on the surface of each 2-D cylinder. So far, most studies related to the calculation of collision coefficients are based on an overall calculation model where the collision area of the insulator is considered as a whole [19] . Considering the influences of airflow on windward and leeward of an insulator are different, the water droplet collision coefficient results of insulators are inaccurate.
The work described in this paper was focused on proposing a new model where the equivalent relationship between the ice weight on an insulator and a standard rotating conductor can be more accurately determined. The paper is divided into three parts. To accurately estimate the water droplets collision coefficient on insulators and rotating conductors, a new numerical calculation model is proposed in Section 2, where the collision coefficient of water droplets on different regions of an insulator is calculated. The results estimated by the proposed model are presented in Section 3, while the experimental validation of the calculated results is discussed in Section 4.
Numerical Calculation of Water Droplets Collision Coefficient
In this paper, the water droplets collision coefficient (denoted as α 1 ) is proposed to characterize the degree of icing of insulators and rotating conductors, and the ice weight relationship between an insulator and a rotating conductor can be obtained from the water droplets collision coefficient and freezing fraction calculation results. ANSYS FLUENT (ANSYS Fluent 15.0, ANSYS, Pittsburgh, PA, USA), a CFD software, is used to obtain the field information for the air and water flow field and the volume fraction, which can be used in the proposed icing model to estimate the water droplets collision coefficients on insulators and rotating conductors.
Definition of the Water Droplets Collision Coefficient
There are two main processes in the process of icing, one is that the water droplets flow and collide with the insulator surface and are trapped by the insulator in a certain proportion, which is described as collision efficiency α 1 , and the second one is a freezing thermodynamics process of water film on the insulator, described as α 3 .
In this paper, differences of water droplets collision coefficient on different regions of insulator are considered, and two-phase flow is calculated by Lagrange method. As a consequence, α 1 on different regions of insulator can be obtained according to Equation (1):
where, N collide is the number of water droplets colliding on different regions of insulator; N total is the number of water droplets contained in the projected area of insulator in the direction of flow; S 0 is the projected area of the cross section of the insulator in the direction of flow; n is the number of water droplets per unit area of water droplets released. Figure 1 shows the profile of the XP-70 insulator (XP-70, Dalian Insulator Group Co., Dalian, Liaoning Province, China), with a shed diameter of 254 mm, shed height of 146 mm, leakage distance of 295 mm, which was selected as the experimental test specimen.
differences in different regions of insulator during the icing process, but in practice, in addition to the significant differences between the windward side and the leeward side of insulator icing, icing on different positions of the windward side of insulator is also uneven. Results in [21] show that there is more ice on the rod and the edge of shed of composite insulator than on the middle of the shed on the windward side.
In order to improve the accuracy of the analysis, this paper proposes a new model where the cases of water droplets colliding with different regions of the insulator are analyzed, respectively. Considering the difficulty of calculation and differences of water droplets collision coefficients in different regions of insulators, this paper proposes to divide the surface of the XP-70 into four parts including: ① windward cap, ② windward shed, ③ windward edge of shed and ④ leeward, as shown in Figure 2 . Due to the XP-70's complex structure and irregular surface, it is not convenient to model it directly in ANSYS ICEM (ANSYS ICEM 15.0, ANSYS, Pittsburgh, PA, USA). In this paper, a 3-D parameterized solid model of the insulator was established firstly in AutoCAD (AutoCAD 2007, Autodesk, San Rafael, CA, USA), then the computing domain was established and the mesh was generated in ANSYS ICEM, as shown in Figure 3 . In establishing the computing domain, the calculation area is divided into two parts, namely, the near wall area and far wall area. In dividing the grid, a tetrahedral mesh was used in mesh generation of the near wall area and hexahedral and prismatic meshes were used in the mesh generation of the far wall area.
A standard rotating conductor with a diameter of 28 mm and a height of 600 mm is chosen as the study object in this paper. For the methods of the establishing computing domain and generating the mesh one can refer to those of the insulator. The mesh generation of the rotating conductor is shown in Figure 4 . Due to the complex structure of the XP-70, it is difficult to calculate the water droplets collision rate within each microelement of the insulator surface. In a previous study, to calculate either the water droplets collision coefficient [21] or particle collision coefficient [22] on the insulator surface, the collision area was analyzed as a whole. There are no studies which analyze the differences of collision coefficient in different regions of insulator. Consequently, it is impossible to reflect differences in different regions of insulator during the icing process, but in practice, in addition to the significant differences between the windward side and the leeward side of insulator icing, icing on different positions of the windward side of insulator is also uneven. Results in [21] show that there is more ice on the rod and the edge of shed of composite insulator than on the middle of the shed on the windward side.
In order to improve the accuracy of the analysis, this paper proposes a new model where the cases of water droplets colliding with different regions of the insulator are analyzed, respectively. Considering the difficulty of calculation and differences of water droplets collision coefficients in different regions of insulators, this paper proposes to divide the surface of the XP-70 into four parts including: 1 windward cap, 2 windward shed, 3 windward edge of shed and 4 leeward, as shown in Figure 2 .
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Establishment and Mesh Generation of Numerical Geometry Model of Water Droplets Collision Coefficient
Due to the complex structure of the XP-70, it is difficult to calculate the water droplets collision rate within each microelement of the insulator surface. In a previous study, to calculate either the water droplets collision coefficient [21] or particle collision coefficient [22] on the insulator surface, the collision area was analyzed as a whole. There are no studies which analyze the differences of collision coefficient in different regions of insulator. Consequently, it is impossible to reflect differences in different regions of insulator during the icing process, but in practice, in addition to the significant differences between the windward side and the leeward side of insulator icing, icing on different positions of the windward side of insulator is also uneven. Results in [21] show that there is more ice on the rod and the edge of shed of composite insulator than on the middle of the shed on the windward side.
A standard rotating conductor with a diameter of 28 mm and a height of 600 mm is chosen as the study object in this paper. For the methods of the establishing computing domain and generating the mesh one can refer to those of the insulator. The mesh generation of the rotating conductor is shown in Figure 4 . Due to the XP-70's complex structure and irregular surface, it is not convenient to model it directly in ANSYS ICEM (ANSYS ICEM 15.0, ANSYS, Pittsburgh, PA, USA). In this paper, a 3-D parameterized solid model of the insulator was established firstly in AutoCAD (AutoCAD 2007, Autodesk, San Rafael, CA, USA), then the computing domain was established and the mesh was generated in ANSYS ICEM, as shown in Figure 3 . In establishing the computing domain, the calculation area is divided into two parts, namely, the near wall area and far wall area. In dividing the grid, a tetrahedral mesh was used in mesh generation of the near wall area and hexahedral and prismatic meshes were used in the mesh generation of the far wall area. 
The Determination of Boundary Conditions of the Numerical Calculation of Water Droplets Collision Coefficients
In this paper, a one-way coupling calculation method was obtained in simulating the gas-liquid two-phase flow field outside the insulator. First, the airflow was solved independently. Then the trajectory of water droplets was simulated by using the particle orbital model in a Lagrangian coordinate system. Turbulent flow was set to standard k-ε turbulence model [23] to fix the RANS (Reynold average Nevier-Stokes) control equation. The standard near-wall function was selected as the wall function. The governing equations were selected in the QUICK (Quadratic Upwind Interpolation for Convection Kinetics scheme) format. The Semi-Implicit Method for Pressure Linked Equation (SIMPLE) algorithm was selected in solving the discrete equations and the standard format was applied in the pressure interpolation.
In solving the continuous flow field, the turbulence intensity I and turbulence scale L could be obtained based on the empirical equations I = 0.16(Re) − 0.125 (Re is the number of Reynolds) and L = 0.07 l (l is the hydraulic diameter of the wind tunnel). The export was set as the boundary condition of the outflow. Water droplets were set to launch from the inlet boundary, and the velocity was set as same as that of the airflow. In the calculations, this paper assumed that water droplets freeze immediately on the insulator and ice on insulator has no effect on the trajectory of water droplets. Water droplets which have been trapped by the wall and escape from the export were no longer tracked. Consequently, the insulator wall was set in trap mode, and other walls were set in escape mode.
Results and Analysis of Numerical Simulation of Water Droplets Collision Coefficient
In this paper, the trajectory of the water droplets and external flow field outside insulator and rotating conductor were simulated in different environments. Because changes of temperature have no effect on α1, temperature conditions are no longer considered here [24] . A standard rotating conductor with a diameter of 28 mm and a height of 600 mm is chosen as the study object in this paper. For the methods of the establishing computing domain and generating the mesh one can refer to those of the insulator. The mesh generation of the rotating conductor is shown in Figure 4 . 
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Results and Analysis of Numerical Simulation of Water Droplets Collision Coefficient
In this paper, the trajectory of the water droplets and external flow field outside insulator and rotating conductor were simulated in different environments. Because changes of temperature have no effect on α 1 , temperature conditions are no longer considered here [24] .
Results and Analysis of Numerical Simulation of Water Droplets Collision Coefficient on Rotating Conductor
In Fluent, α 1 under different wind velocity (denoted as U) and median volume diameter (denoted as MVD) conditions was simulated. After the calculation, it is possible to obtain the air relative velocity vector, as shown in Figure 5 . 
In Fluent, α1 under different wind velocity (denoted as U) and median volume diameter (denoted as MVD) conditions was simulated. After the calculation, it is possible to obtain the air relative velocity vector, as shown in Figure 5 . As shown in Figure 5 , the rotating conductor displays a strong disturbance in the airflow around it. Airflow on the windward side is stronger than that on the leeward side. Because the diameter of water droplets is small, their movement would be greatly influenced by the airflow. Consequently, there are more water droplets colliding with the rotating conductor on the windward side than on the leeward side. Based on [25] , the freezing fraction α3 is same on the windward side and the leeward side of a rotating conductor. In such cases, the ice weight on the rotating conductor on the windward side is more than that on the leeward side of the rotating conductor.
Because the rotating conductor rotates along its axis at a constant angular speed, the overall probability of water droplets colliding on the surface of the rotating conductor is equivalent. In consequence, ice on the rotating conductor is uniform.
When MVD is regarded as a single variable, α1 increases with an increase of MVD under different wind velocity U, as shown in Figure 6 . As shown in Figure 5 , the rotating conductor displays a strong disturbance in the airflow around it. Airflow on the windward side is stronger than that on the leeward side. Because the diameter of water droplets is small, their movement would be greatly influenced by the airflow. Consequently, there are more water droplets colliding with the rotating conductor on the windward side than on the leeward side. Based on [25] , the freezing fraction α 3 is same on the windward side and the leeward side of a rotating conductor. In such cases, the ice weight on the rotating conductor on the windward side is more than that on the leeward side of the rotating conductor.
When MVD is regarded as a single variable, α 1 increases with an increase of MVD under different wind velocity U, as shown in Figure 6 . 
When MVD is regarded as a single variable, α1 increases with an increase of MVD under different wind velocity U, as shown in Figure 6 . However, the increase trend of α 1 slows down gradually with an increase of MVD from 20 µm to 120 µm. This can be explained as follows: with an increase of diameter, water droplets have a weaker following character with the airstream. In such cases, droplets have greater possibilities of maintaining their original trajectories, resulting in a slower increase of α 1 . Under the same wind velocity, small droplets are more susceptible to airflow than large ones.
Results and Analysis of Numerical Simulation of Water Droplets Collision Coefficient on Insulator
In Fluent, α 1 under different wind velocity (denoted as U) and median volume diameter (denoted as MVD) was simulated. Based on calculation results simulated by Fluent, it is possible to obtain the air relative velocity vector, as shown in Figure 7 . (ii) The change regularities of α1 on the rotating conductor under different U appear to be similar. However, the increase trend of α1 slows down gradually with an increase of MVD from 20 μm to 120 μm. This can be explained as follows: with an increase of diameter, water droplets have a weaker following character with the airstream. In such cases, droplets have greater possibilities of maintaining their original trajectories, resulting in a slower increase of α1. Under the same wind velocity, small droplets are more susceptible to airflow than large ones.
In Fluent, α1 under different wind velocity (denoted as U) and median volume diameter (denoted as MVD) was simulated. Based on calculation results simulated by Fluent, it is possible to obtain the air relative velocity vector, as shown in Figure 7 . As is shown in Figure 7 , air flows from the edge of shed to the cap on the windward side, and the intensity of airflow gradually decays from the shed to the cap. As mentioned above, the movement of water droplets would be greatly influenced by the airflow. Consequently, the number of water droplets colliding with the insulator on the windward side decreases with a decrease of airflow. After airflow bypasses the cap and shed of insulator, the airflow velocity changes greatly, and can be divided into two areas. The velocity of airflow near the cap is smaller than that near the shed on the leeward side of the insulator. This can be explained as follows: without a direct disturbance like the cap, airflow near the shed on the leeward side does not change as much as that near the cap on the leeward side. Consequently, this will result in the fact that there are fewer water droplets colliding with the surface of insulator on the windward side than on the leeward side. Based on [25] , the freezing fraction on the insulator on the windward and leeward side are same, so the ice weight on the windward side of the insulator is more than that on the leeward side.
When MVD is regarded as a single variable, α1 based on the model proposed in this paper increases with an increase of MVD under different wind velocity U, as shown in Figure 8 , which presents the following: (i) When the wind velocity U or MVD increases and the other remains constant, it will lead to an increase of α1. (ii) α1 is different on different regions of the insulator. The numbers of water droplets trapped by the edge of shed and the cap of insulator on the windward side are similar, and both of them are much larger than that of the shed on windward side. Besides, α1 on the shed is almost 2-3 times that on the insulator surface on the leeward side. (iii) The change regularities of α1 on the windward cap, windward edge of the shed and leeward appear to be similar, but one essential difference can be identified, that is, unlike other regions of the insulator, the change regularity of α1 on the windward shed of the insulator is approximately a straight line. As is shown in Figure 7 , air flows from the edge of shed to the cap on the windward side, and the intensity of airflow gradually decays from the shed to the cap. As mentioned above, the movement of water droplets would be greatly influenced by the airflow. Consequently, the number of water droplets colliding with the insulator on the windward side decreases with a decrease of airflow. After airflow bypasses the cap and shed of insulator, the airflow velocity changes greatly, and can be divided into two areas. The velocity of airflow near the cap is smaller than that near the shed on the leeward side of the insulator. This can be explained as follows: without a direct disturbance like the cap, airflow near the shed on the leeward side does not change as much as that near the cap on the leeward side. Consequently, this will result in the fact that there are fewer water droplets colliding with the surface of insulator on the windward side than on the leeward side. Based on [25] , the freezing fraction on the insulator on the windward and leeward side are same, so the ice weight on the windward side of the insulator is more than that on the leeward side.
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Characterization of Insulator Icing Degree Based on the Equivalent Collision Coefficient
Experts and scholars at home and abroad have conducted voluminous research on ice weight on the surface of a cylinder [26] . According to [18, 27] , icing weight occurring on a cylinder in t  can be calculated by:
where, α1 is the water droplets collision coefficient, α3 is the freezing fraction, w (g/m 3 ) is the liquid water content, U (m/s) is the inflow velocity, D (m) is the diameter of the icing cylinder, L (m) is the height of the icing cylinder; t  is a tiny time interval. Because the insulator's shed has a certain dip angle, water droplets cannot collide with the lower surface of insulator directly. In this paper, the underside of the insulator surface is not considered, and hence the insulator surface is equivalent to the lateral surface of the cylinder and circular frustum. As is shown in Figure 2 , parts ① ③ ④ are equivalent to the cylinder, and ② is equivalent to the lateral surface of the cylinder. The height of the equivalent cylinder is as same as the original structure, and the diameter of the cylinder can be calculated by: 
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Characterization of Insulator Icing Degree Based on the Equivalent Collision Coefficient
Experts and scholars at home and abroad have conducted voluminous research on ice weight on the surface of a cylinder [26] . According to [18, 27] , icing weight occurring on a cylinder in ∆t can be calculated by:
where, α 1 is the water droplets collision coefficient, α 3 is the freezing fraction, w (g/m 3 ) is the liquid water content, U (m/s) is the inflow velocity, D (m) is the diameter of the icing cylinder, L (m) is the height of the icing cylinder; ∆t is a tiny time interval. Because the insulator's shed has a certain dip angle, water droplets cannot collide with the lower surface of insulator directly. In this paper, the underside of the insulator surface is not considered, and hence the insulator surface is equivalent to the lateral surface of the cylinder and circular frustum. As is shown in Figure 2 , parts 1 3 4 are equivalent to the cylinder, and 2 is equivalent to the lateral surface of the cylinder. The height of the equivalent cylinder is as same as the original structure, and the diameter of the cylinder can be calculated by:
where, S (m 2 ) is the lateral area of the circular frustum or cylinder, h (m) is the height of the circular frustum or cylinder. In such cases, parameters such as α 1 , w, U, D, L could be determined already. According to [28] , the freezing fraction α 3 can be calculated by theoretical Equation (4):
Where, e(T) = 0.61121 exp( Combining the partition method of the XP-70 in the model proposed in this paper and the shed configuration shown in Figure 2 , the icing weight accumulated on the cap, the shed, the edge of shed and the leeward of XP-70 insulator can be expressed as m 1 , m 2 , m 3 , m 4 , respectively.
The theoretical ice weight on the insulator m d can be obtained through Equation (6):
where, m d (g) is the ice weight on the insulator, m 1 (g) is the ice weight on the cap on the windward side, m 2 (g) is the ice weight on the shed on the windward side, m 3 (g) is the ice weight on the edge of the shed on the windward side, m 4 (g) is the leeward ice weight. This paper defines k 1 as theoretical ratio of insulator ice weight to rotating conductor ice weight:
where, m d (g) is the ice weight on the insulator, m eq (g) is the ice weight on the rotating conductor. Similarly, through using α 1 based on model in [19] and Equation (2), another theoretical ice weight m d where the collision area is considered as a whole can be obtained. Results of k 1 based on the model proposed in this paper and in [19] under different U, T and MVD are shown in Table 1 . 
Test Verification and Analysis
This paper defines k 1 as theoretical ratio of insulator ice weight to rotating conductor ice weight. All the experimental investigations in this paper were conducted in a multifunction artificial climate chamber with a diameter of 7.8 m and a height of 11.6 m, shown in Figure 9 The minimum temperature in the chamber could be adjusted to −45 ± 1 • C. The wind velocity varies between 3 m/s and 5 m/s, and its atomizing nozzle can control MVD between 15 and 200 µm, which meets the requirements in [29] . 
This paper defines k1 as theoretical ratio of insulator ice weight to rotating conductor ice weight. All the experimental investigations in this paper were conducted in a multifunction artificial climate chamber with a diameter of 7.8 m and a height of 11.6 m, shown in Figure 9 The minimum temperature in the chamber could be adjusted to −45 ± 1 °C. The wind velocity varies between 3 m/s and 5 m/s, and its atomizing nozzle can control MVD between 15 and 200 μm, which meets the requirements in [29] . The experiments were divided into two parts, the first part was conducted by changing the wind velocity while the other one changed the environmental temperature. In each icing experiment, the icing time was set within 1 h, and the icing weight was measured every twenty minutes.
As is shown in Figure 10 (first experimental condition: T is −6 • C, MVD is 100 µm, w is 1.1 g/m 3 ) and Figure 11 (second experimental condition: T is −2 • C, U is 3 m/s, MVD is 100 µm, w is 1.1 g/m 3 . third experimental condition: T is −10 • C, U is 3 m/s, MVD is 100 µm, w is 1.1 g/m 3 ), ice on the windward side of the insulator is much more than that on the leeward side, and ice on the cap of the insulator on the windward side is more than that on the shed on the windward side. This result corresponds to the analysis provided above. Due to the uniform rotation of the rotating conductor during icing, ice on the rotating conductor is uniform. The experiments were divided into two parts, the first part was conducted by changing the wind velocity while the other one changed the environmental temperature. In each icing experiment, the icing time was set within 1 h, and the icing weight was measured every twenty minutes.
As is shown in Figure 10 (first experimental condition: T is −6 °C , MVD is 100 μm, w is 1.1 g/m 3 ) and Figure 11 (second experimental condition: T is −2 °C , U is 3 m/s, MVD is 100 μm, w is 1.1 g/m 3 . third experimental condition: T is −10 °C , U is 3 m/s, MVD is 100 μm, w is 1.1 g/m 3 ), ice on the windward side of the insulator is much more than that on the leeward side, and ice on the cap of the insulator on the windward side is more than that on the shed on the windward side. This result corresponds to the analysis provided above. Due to the uniform rotation of the rotating conductor during icing, ice on the rotating conductor is uniform. The experiments were divided into two parts, the first part was conducted by changing the wind velocity while the other one changed the environmental temperature. In each icing experiment, the icing time was set within 1 h, and the icing weight was measured every twenty minutes.
As is shown in Figure 10 (first experimental condition: T is −6 °C , MVD is 100 μm, w is 1.1 g/m 3 ) and Figure 11 (second experimental condition: T is −2 °C , U is 3 m/s, MVD is 100 μm, w is 1.1 g/m 3 . third experimental condition: T is −10 °C , U is 3 m/s, MVD is 100 μm, w is 1.1 g/m 3 ), ice on the windward side of the insulator is much more than that on the leeward side, and ice on the cap of the insulator on the windward side is more than that on the shed on the windward side. This result corresponds to the analysis provided above. Due to the uniform rotation of the rotating conductor during icing, ice on the rotating conductor is uniform. Results of icing weight on the insulator and rotating conductor are shown in Tables 2-4. Based on the test results in Tables 2-4 , the corresponding relationship of ice weight between the XP-70 insulator and a rotating conductor in different environmental conditions can be obtained, as shown in Figure 12 . As is shown in Figure 12 , ice weight on the insulator increases with a liner increase of ice weight on the rotating conductor, and k is defined as the ratio of ice weight on the insulator to ice weight on the rotating conductor to represent this:
where, mc (g) is the experimental ice weight on the insulator, ms (g) is the experimental ice weight on the rotating conductor.
In this paper, σ1 is defined as the relative error between the experimental value k and the theoretical value k1. Results of k1, k and σ1 under different conditions are shown in Table 5 . (i) The change trends of both the theoretical ratio k1 based on the model proposed in this paper and in [19] are in agreement with the experimental ratio k. With an increase of U and T, the ratio of ice weight on the insulator to ice weight on the rotating conductor decreases.
(ii) The relative error σ1 based on the model proposed in this paper is much smaller than that As is shown in Figure 12 , ice weight on the insulator increases with a liner increase of ice weight on the rotating conductor, and k is defined as the ratio of ice weight on the insulator to ice weight on the rotating conductor to represent this:
where, m c (g) is the experimental ice weight on the insulator, m s (g) is the experimental ice weight on the rotating conductor. In this paper, σ 1 is defined as the relative error between the experimental value k and the theoretical value k 1 . Results of k 1 , k and σ 1 under different conditions are shown in Table 5 . (i) The change trends of both the theoretical ratio k 1 based on the model proposed in this paper and in [19] are in agreement with the experimental ratio k. With an increase of U and T, the ratio of ice weight on the insulator to ice weight on the rotating conductor decreases. (ii) The relative error σ 1 based on the model proposed in this paper is much smaller than that based on the model proposed in [19] . Comparing with the model proposed in [19] , the calculation used in the model proposed in this paper takes the influence of different shapes and diameters in different regions into account, and calculates α 1 and α 3 in different regions respectively. In such cases, the calculation results based on the model proposed in the paper are more accurate than those of the model proposed in [19] . (iii) The relative error σ 1 based on the model proposed in this paper between the ratio k 1 and k is less than 15%. Simulation results obtained using the model proposed in this paper are consistent with the experimental results. In test verification, the equivalence of ice weight between insulator and rotating conductor has been established. Hence, if other parameters like wind velocity U, environmental temperature T, α 3 , LWC (liquid water content) et al. are determined, α 1 can be used as the parameter to characterize the ice weight of insulators and rotating conductors.
Conclusions
This study explores the relationship of ice weight on an insulator and a rotating conductor through simulation in Fluent and test verification in an artificial climate chamber. The main conclusions are as follows:
(i) Using Fluent to simulate the icing process of an insulator and a rotating conductor, the simulation results show that when any one of the wind velocity and MVD increases and other environmental parameters remain constant, it would lead to an increase of α 1 . (ii) The experimental verification indicates that ice weight on insulator increases with a liner increase of ice weight on rotating conductor, and k (defined as the ratio of ice weight on insulator to ice weight on rotating conductor) decreases with a decrease of either MVD or U. (iii) Compared with the results calculated by the model proposed in [19] , the results calculated by the model proposed in this paper are closer to the test results. In such case, the calculation results calculated by the model proposed in this paper are more accurate than those proposed in [19] . (iv) In this paper, the equivalent relationship of ice weight between the insulator and rotating conductor is established. Therefore, the method of using ice weight on a rotating conductor to predict that on an insulator based on the model proposed in this paper can be widely adopted. 
